objective. Diagnosing ventilator-associated pneumonia (VAP) is difficult, and misdiagnosis can lead to unnecessary and prolonged antibiotic treatment. We sought to quantify and characterize unjustified antimicrobial use for VAP and identify risk factors for continuation of antibiotics in patients without VAP after 3 days.
Ventilator-associated pneumonia (VAP) is a common diagnosis in intensive care units (ICUs), occurring in 9%-27% of intubated patients.
1,2 VAP has been associated with higher mortality, increased length of ICU stay, and greater hospitalization costs. [3] [4] [5] [6] Delayed appropriate empiric antimicrobial therapy has been associated with worse outcomes in patients with VAP; [7] [8] [9] [10] therefore, aggressive early treatment of these patients is commonly practiced.
Guidelines published by the Infectious Diseases Society of America (IDSA) and the American Thoracic Society (ATS) recommend the use of clinical signs and quantitative or semiquantitative microbiological data to diagnose and manage VAP. 7 Critically ill patients commonly manifest fever, leukocytosis, infiltrates, and hypoxia that can represent VAP or noninfectious conditions; thus, the diagnosis of VAP is challenging, and its misdiagnosis can lead to unnecessary and prolonged antimicrobial therapy. Because of challenges associated with making the diagnosis of VAP, IDSA/ATS guidelines highlight the importance of reassessing patients after 48-72 hours to determine whether antibiotic therapy for VAP is needed or whether an alternative diagnosis should be pursued. Thus far, most studies have focused on optimizing appropriate antimicrobial choice for VAP; [11] [12] [13] however, data examining the excessive use of antibiotics for VAP in patients without VAP are limited. In 1 study, Swoboda et al 14 found that half of the empiric antibiotic use for VAP in 2 surgical ICUs was prescribed for patients without pneumonia.
Antimicrobial resistance continues to be a threat in the ICU, and studies are needed to identify areas of antimicrobial management that can be optimized in order to decrease un-figure 1. Criteria used by the adjudication committee for the diagnosis of ventilator-associated pneumonia (VAP). All criteria were considered by the adjudication committee in making the diagnosis of VAP. Clinical pulmonary infection score (CPIS) was used as a clinical tool to determine the likelihood of VAP in conjunction with other criteria, but a low score did not outweigh other criteria suggesting a likely diagnosis of VAP.
necessary antibiotic use without compromising patient outcomes. In this study, we sought to quantify and characterize justified and unjustified antimicrobial use for VAP and identify risk factors for the continuation of antibiotics in patients without VAP after 3 days.
methods

Study Population
Mechanically ventilated patients suspected of having VAP by their ICU teams were prospectively identified in 6 adult ICUs between February 2009 and February 2010 at Johns Hopkins Hospital, a 913-bed academic tertiary care center in Baltimore, Maryland. Patients were excluded from the study if they died prior to receiving at least 3 days of antibiotics.
Data Collection
Study staff identified ICU patients administered antibiotics daily, using an electronic database (Theradoc). If the indication for antibiotics were unclear from the chart, indication was confirmed with ICU staff.
The same database and electronic medical records were used to collect clinical data, including microbiological and radiographic information, antibiotic therapy, and clinical course. Other infectious processes requiring antibiotic treatment were recorded. In-hospital mortality was defined as death occurring for any reason during the hospitalization in which the VAP occurred. Clostridium difficile infection was recorded if it occurred within 30 days of receiving antibiotics for VAP. Baseline severity of illness was measured using the acute physiology and chronic health evaluation (APACHE) II 15 24 hours before the patient was identified as having VAP by the ICU team. The clinical pulmonary infection score (CPIS) 16 was calculated by the research team at diagnosis and on day 3 after the ICU VAP diagnosis. Multiple episodes of VAP in a single patient were included in the total number of VAP events if appropriate treatment for the first event was completed and associated with clinical improvement prior to the subsequent VAP event.
Adjudication Methods
VAP events were reviewed by a multidisciplinary adjudication committee consisting of surgery, anesthesia, pulmonary and critical care medicine, pharmacy, and infectious diseases specialists to determine whether the ICU team's VAP diagnosis and antimicrobial therapy were justified. Committee members were selected because of their expertise caring for critically ill patients with pneumonia. The committee used clinical, microbiologic, and radiographic data including the CPIS on the day of diagnosis and day 3, with reviewers blinded to later events, to adjudicate the cases (Figure 1 ). Each case was reviewed by at least 2 members independently. If there were disagreement between reviewers, the committee erred on the side of the most lenient reviewer. Unjustified antibiotic use was defined as the prescription of antibiotics for a patient with VAP diagnosed by the ICU clinicians but adjudicated not to have VAP (Clinϩ/AdjϪ).
Data Analysis
Data were analyzed using STATA (ver. 12.0; STATACorp). Student t test and 2-group test of proportions were used to compare continuous and dichotomous characteristics, respectively, of patients with Clinϩ/AdjϪ VAP on day 3 whose antibiotics were continued past or discontinued on day 3. Multiple logistic regression models were used to obtain adjusted odds ratios (ORs) and 95% confidence intervals (CIs) for the same associations adjusted for potential confounding variables. We used a robust variance estimator to account for patient-level clustering, since patients could contribute more than 1 VAP event. Covariates were included in the multiple logistic regression model if the associated P value were less than .05 in the univariate model, if they changed the association of primary interest by at least 20%, if they had previously been identified as a potential confounder in the literature, or if it were biologically plausible that they could confound the association of interest. Explanatory variables were added in a stepwise fashion to assess the effect of the addition of each variable on other covariates. Excess days of antibiotics were calculated for individual antibiotics as the number of days an antibiotic was given past 3 days for patients with Clinϩ/AdjϪ VAP. For Clinϩ/AdjϪ VAP patients thought to have an alternative diagnosis of ventilator-associated tracheobronchitis at day 3, treatment past 5 days was considered excessive. If a patient with Clinϩ/Adjϩ VAP had clinical improvement by day 8 (eg, was extubated, discharged from ICU, required minimal ventilator settings), therapy past day 8 was considered excessive. If not, antibiotic therapy was considered appropriate until day 14, after which antibiotics were considered excessive if no other workup were performed to rule out alternative diagnoses. Treatment duration for patients with Clinϩ/Adjϩ VAP with Staphylococcus aureus, Pseudomons, Acinetobacter, and multidrug-resistant gram-negative organisms was not considered excessive until after 14 days. Antibiotic days were normalized by dividing the total excess antibiotic days by the total number of VAP cases in each ICU.
results
VAP Rates on Days 1 and 3
A total of 231 events were identified as VAP by the ICU teams in 203 patients: 34 (14.7%), 137 (59.3%), and 60 (26%) in the medical, surgical subspeciality, and general surgery ICUs, respectively. On day 1, 135 of the ICU-diagnosed VAP events (58.4%) were determined to be Clinϩ/AdjϪ. On day 3, 158 events (68.4%) were adjudicated to be Clinϩ/AdjϪ. The most frequent alternative diagnoses for Clinϩ/AdjϪ VAP on day 3 included VAT (n p 13), pulmonary edema (n p 22), atelectasis (n p 5), and cardiogenic shock (n p 4).
Differences between Patients with Clinϩ/AdjϪ and Clinϩ/Adjϩ VAP on Day 3
Time from intubation to diagnosis of VAP was 3 days or fewer for 22 patients with Clinϩ/Adjϩ VAP on day 3. One of these patients was extubated at the time of diagnosis. The 
mean age of patients with Clinϩ/Adjϩ VAP on day 3 was 54.2 ‫ע‬ 17.4 years compared with 61.9 ‫ע‬ 13.7 years for those with Clinϩ/AdjϪ VAP (P ! .01). Ninety-two percent of patients with Clinϩ/Adjϩ VAP on day 3 had progression, persistence, or appearance of an infiltrate compared with 25% of patients with Clinϩ/AdjϪ VAP (P ! .01). Five Clinϩ/ Adjϩ VAP patients had no infiltrate on day 3. Of these, 3 had one on day 1, and their clinical course suggested VAP despite no infiltrate on day 3. One patient had questionable imaging, purulent secretions, and significant oxygen requirements and was too ill to be considered to have VAT, and 1 patient was bacteremic with the same organism recovered in the sputum. Ninety-seven percent of patients with Clinϩ/ Adjϩ VAP were still intubated on day 3 compared with 86% of patients with Clinϩ/AdjϪVAP (P ! .01). Mean CPIS on days 1 and 3 were 7.5 ‫ע‬ 2.2 and 6.9 ‫ע‬ 1.8 for those with Clinϩ/Adjϩ VAP and 4.9 ‫ע‬ 2.0 and 4.5 ‫ע‬ 2.0 for those with Clinϩ/AdjϪ VAP (P ! .001).
Differences between Patients with Clinϩ/AdjϪ VAP Whose Antibiotics Were Continued or Discontinued Past Day 3
Antibiotics were continued in 120 (76%) of the 158 Clinϩ/ AdjϪ events on day 3. Characteristics for events with Clinϩ/ AdjϪ VAP whose antibiotics were discontinued at day 3 or continued beyond day 3 are shown in Table 1 . Patients whose antibiotics were discontinued at day 3 had higher illness severity than those whose antibiotics were continued; they were more likely to require vasopressors on day 1 (61% vs 43%; P p .058) and day 3 (50% vs 36%; P p .31) and had higher mean APACHE II scores (25.3 ‫ע‬ 7.6) than patients whose antibiotics were continued past day 3 (22.7 ‫ע‬ 7.0; P p .055). Among patients whose antibiotics were continued past day 3, a smaller proportion had a sputum sample sent for culture on day 1 compared with those whose antibiotics were discontinued (78% vs 95%; P ! .03), but a larger proportion had one sent on day 3 (39% vs 16%; P ! .02). Overall, a small proportion of patients with Clinϩ/AdjϪVAP on day 3 had positive sputum cultures on day 1 (26%), and patients whose antibiotics were continued had a greater proportion of positive sputum cultures on day 1 (31%) compared with those whose antibiotics were discontinued (14%; P p .045). The mean CPIS score for both groups combined was 5.3 ‫ע‬ 0.1, with 17% and 15% of patients having a CPIS score greater than 6 on day 3 among those whose antibiotics were discontinued and continued, respectively (P p .71). Among patients with Clinϩ/AdjϪ VAP on day 3 and no other source of infection requiring antibiotics, purulent sputum was present for 66% of the patients whose antibiotics were continued past day 3, compared with 36% in those who had them discontinued (P p .04). Otherwise, there were no other significant differences in the characteristics listed in Table 1 between these 2 groups. Among patients with VAT, antibiotics were discontinued by day 3 in 3 patients.
Multivariate Analysis of Factors Associated with Antibiotic Continuation in Patients with Clinϩ/AdjϪ VAP after 3 Days
After adjusting for APACHE II score and requiring vasopressors on day 1, sputum culture collection on day 3 was associated with a 3.2 times higher odds of having antibiotics continued compared with those who did not have sputum sent for culture (P ! .03) among patients with Clinϩ/AdjϪ VAP. This association appeared to be driven mainly by a surgical subspecialty ICU, although this association was seen across ICUs. In this model, requiring vasopressors on day 1 was associated with a decreased odds of antibiotic continuation for patients with Clinϩ/AdjϪ VAP (OR, 0.44; P p .04), and APACHE score was no longer associated with antibiotic continuation (OR, 1.0; P 1 .05). 
Microbiology Results for Clinϩ/Adjϩ VAP and Clinϩ/AdjϪ VAP Events
The most common organisms recovered in patients with Clinϩ/Adjϩ VAP were Pseudomonas aeruginosa (25%), methicillin-resistant S. aureus (17%), and methicillin-sensitive S. aureus (16%; Figure 2 ). Among patients with Clinϩ/AdjϪ VAP, 50% of the cultures were polymicrobial. Bronchoscopy was used infrequently for the diagnosis of VAP in this cohort; 36 (16%) patients had bronchoscopy with bronchoalveolar lavage performed on day 1 and 7 (3%) on day 3.
Clinical Outcomes for Patients with Clinϩ/AdjϪ VAP on Day 3 Whose Antibiotics Were Continued or Discontinued
Among patients with Clinϩ/AdjϪ VAP on day 3, 13 (37%) and 26 (22%) deaths occurred in patients whose antibiotics were discontinued and continued past day 3, respectively (P p .063). The all-cause mortality rate among patients with Clinϩ/Adjϩ VAP on day 3 was 31.5%. Two deaths were due to VAP; 4 additional deaths were possibly related to VAP in conjunction with other causes. In a multiple logistic regression model for patients with Clinϩ/AdjϪ VAP, the continuation of antibiotics past day 3 was not significantly associated with mortality (OR, 0.78; P p .60) after adjusting for APACHE score and need for vasopressors at day 1. Higher APACHE score (OR, 1.17; P ! .001) and need for vasopressors (OR, 3.70; P ! .01) were both associated with higher odds of death in the same model. ICU length of stay and Clostridium difficile colitis rates were not significantly different between groups (Table 2) .
Excess Days of Antibiotics Attributed to Unjustified Antibiotic Use
Patients with Clinϩ/Adjϩ VAP on day 3 received 374 excess days of antibiotics, mainly as a result of prolonged therapy beyond 8 days despite clinical improvement or resolution.
Patients with Clinϩ/AdjϪ VAP and no other source of infection requiring antibiotic treatment received 1,183 excess days of antibiotic during the duration of the study. Excess days of antibiotics/case are listed by ICU in Table 3 .
discussion
This study demonstrates that antibiotics are continued for a large proportion of patients without VAP beyond 3 days after a diagnosis of possible VAP (77.4%) and that clinical differences between patients without VAP who had antibiotics continued or discontinued after 3 days of treatment were minimal, suggesting that clinician practices and preferences contribute to unnecessary prescribing. Over the year of the study, overdiagnosis and treatment of VAP resulted in a cumulative 1,183 excess days of antibiotics in adult ICU patients with Clinϩ/AdjϪ VAP and no other indication for antibiotics. Among patients with Clinϩ/Adjϩ VAP, prolonged VAP treatment beyond the recommended duration led to an additional 374 excess days of antibiotics. These findings highlight the need for interventions to reduce antibiotic misuse for VAP. The diagnosis of VAP is complicated by cardiorespiratory comorbidities that are common in critically ill patients. Furthermore, the presence of individual clinical manifestations are nonspecific for VAP. [18] [19] [20] [21] In a meta-analysis by Klompas et al, 22 the only clinical factor to substantively predict the probability of the infection was the absence of a new infiltrate on a plain radiograph, which lowered the likelihood of VAP. In our study, only 25% of patients with Clinϩ/AdjϪ VAP had progression, appearance, or persistence of an infiltrate on imaging, suggesting that radiographic findings did not drive the ICU's decision to treat for VAP. Reasons for this may be that physicians may interpret terms such as "less likely" or "possible" in the radiology report as having diagnostic certainty or that practitioners may be using their own imaging read as opposed to the radiologists' report.
Half of the cases with Clinϩ/AdjϪ had polymicrobial cultures, suggesting that cultures representing colonization of patients with potential pathogens were frequently viewed as true pathogens by the ICUs. Targeting antimicrobial stewardship interventions to educate ICU staff about differentiating between true pathogens and colonizing organisms may help decrease antimicrobial use in patients without VAP.
There are several possible reasons for the high rate of antibiotic prescribing beyond 3 days for patients with Clinϩ/ AdjϪ VAP in our study. The first is that physicians may not actively reassess the need for antibiotics in patients with suspected VAP. Insufficient microbiological data available on day 3 may prevent physicians from discontinuing antibiotics in some patients, highlighting the importance of obtaining sputum cultures early. A larger proportion of these patients had sputum cultures on day 3, possibly indicating the ICUs continued to attempt to solidify a diagnosis. In our study, patients whose antibiotics were discontinued after 3 days of treatment were sicker and may have had apparent alternative etiologies for their critical illness, leading to the cessation of antibiotics. Convincing providers to stop therapy once a patient has stabilized is difficult because of the perception that the antibiotic contributed to the patient's improvement. Although debate continues regarding the diagnostic validity of the CPIS for VAP, 19, 23 results from the trial by Singh et al 24 demonstrated that the CPIS can be an effective clinical tool to determine which patients with initially low CPIS may have their antibiotics discontinued after 3 days. Although some Clinϩ/AdjϪ patients had high CPIS scores in our study, the overall low CPIS scores in these patients indicate that use of the score may have been useful in this cohort.
Several studies have demonstrated that shorter courses of antimicrobial therapy for VAP are safe. 17, [25] [26] [27] Chastre et al 17 reported that mortality and VAP recurrence did not differ between patients who received 8 versus 15 days of antibiotics. Ibrahim et al 26 reported that in-hospital mortality was similar for patients with VAP before and after the introduction of a clinical guideline reducing the mean number of antibiotic days for VAP from 14.8 to 8.6. In our study, mortality was higher in the Clinϩ/AdjϪ patients whose antibiotics were discontinued; however, this is consistent with these patients being sicker at baseline. Incorporating evidence-based recommendations for treatment duration for VAP in hospital guidelines is likely to encourage adherence to shorter courses of antibiotics.
Our study has limitations. Antibiotic use for Clinϩ/AdjϪ VAP was so prevalent across ICUs that we may not have been able to capture true differences between groups. The adjudication process was based on expert opinion, and some clinical factors influencing antibiotic prescribing for VAP might be captured only at the bedside; both could have resulted in an over-or underestimation of antibiotic use for VAP. This was an observational study, so we cannot extrapolate with certainty that early discontinuation in patients without confirmation of VAP is safe. Bronchoscopy with bronchoalveolar lavage was not used frequently to obtain quantitative cultures in our hospital at the time of the study. Invasive techniques to obtain cultures have been associated with alterations in antibiotic management, 28, 29 so the amount of antibiotic overuse in our study may not be representative of practices in ICUs where invasive testing is routinely used. Also, awareness of recent changes to the VAP surveillance definition by the Centers for Disease Control's National Healthcare Safety Network 30 may have changed prescribing practices in ICUs compared with when the study took place.
Despite these limitations, our study has important implications. Excess use of antibiotics is associated with increased health costs, risk of adverse reactions, selection of drugresistant organisms, and an increase in morbidity and mortality. [18] [19] [20] Difficulties in correctly diagnosing VAP in critically ill patients lead to unnecessary empiric antibiotic use. In our study, antibiotics were frequently continued in patients who did not have VAP at day 3, and the decision to continue antibiotics did not appear to be related to patient clinical parameters. Larger studies are needed to study physician beliefs and practices about diagnosing and treating VAP so that interventions can be developed to decrease excess antibiotic use for these patients.
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